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Description 

TRACK LOCKING METHOD FOR OPTICAL 
DISK DRIVE AND APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] Field of the Invention 

[0002] The present invention relates to a track locking method 
for an optical disk drive and an apparatus thereof and 
more particularly to a method for optical disk drives to 
execute tracking control through holding the level of a 
tracking servo output (TRO) signal. 

[0003] Description of the Related Art 

[0004] In the design of the control chip for an optical disk drive, 
the track locking control of the pickup head of the optical 
disk drive is a very important control mechanism. Regard- 
less of the manners of so-called static tracking-on or the 
track locking process after seeking, they all directly affect 
the data accessing speed and quality of the optical disk 
drive. 



[0005] FIG. 1 is a schematic assembly diagram of the movement 
elements of a conventional optical disk drive. In FIG. 1, an 
optical disk 80 has its rotation speed controlled by a spin- 
dle motor 11, and on a moving platform 13 seeking mo- 
tions of an optical pick-up head 12 take place in the ra- 
dial direction of the optical disk 80 using a sledge motor 
14. The sledge motor 14 receives a sledge motor control 
signal FMO as its driving signal. The optical pick-up head 
12 is driven by a tracking servo output signal in order to 
perform tracking control, or, in other words, moving the 
laser spot for data access from an adjoining track into the 
groove 81 of a target track. 

[0006] In general, during the process of seeking and track lock- 
ing performed on an optical disk, a track error (TE) signal 
and an RF ripple (RFRP) signal are two sine waveforms or 
triangular waveforms with approximately 90° phase dif- 
ferences between each other. As shown in FIG. 2, a digi- 
tized TE Zero Cross (TEZC) signal can be figured out if the 
slice level of the track error signal is treated as a thresh- 
old, and similarly digitized RF ripple Zero Cross (RFZC) 
signal can be figured out if the slice level of the RF ripple 
is treated as a threshold. An optical disk drive calculates 
the number of tracks to be sought by the optical pick-up 



head 12, using the TEZC signal and the RFZC signal. In 
FIG. 2, the waveforms of the TEZC signal and the RFZC 
signal between t^ and t^ on the time axis are in response 
to the relative position of the optical pick-up head 12 in- 
side a groove during an on-track interval, whereas the 
segments of the waveform that flank the on-track interval 
are separately on two off-track intervals. 
[0007] Patent No. 509,913 of the Republic of China discloses a 
track locking method for an optical disk drive, wherein the 
track locking control is executed in the following way: a 
track error signal is held or reshaped at its peak instead of 
the initial track error signal with a sine wave locus when 
the optical pick-up head just enters an off-track interval 
from an on-track interval; thus the optical pick-up head 
of the optical disk drive can rapidly get to its target track. 
However, such a holding or reshaping method has a 
drawback, that is, if the optical disk drive runs at a high 
rotation speed (greater than SOOOrpm) or a considerable 
eccentricity (greater than 70Mm) exists, the required num- 
ber of followed tracks increases and the tracking duration 
becomes longer, and in consequence the performance of 
the servo control system of the optical disk drive is unsat- 
isfactory. 



SUMMARY OF THE INVENTION 



[0008] The primary objective of the present invention is to pro- 
vide a track locking method for an optical disk drive and 
an apparatus thereof, whereby, after the optical pick-up 
head of an optical disk drive switches from an on-track 
interval of a target track that currently accommodates the 
optical pick-up head to an adjoining off-track interval, the 
last-minute level of a tracking servo output signal in the 
on-track interval remains unchanged, so as to enable the 
servo control system to return to the target track faster 
and read its stored data. 

[0009] The secondary objective of the present invention is to 

provide a robust control method for an optical disk drive 
to get to a target track. After an optical pick-up head gets 
past the on-track interval of the target track or even goes 
through half the interval of an adjoining off track period, 
the optical pick-up head can temporarily switch to the 
next adjoining track to make the latter the intended target 
track to be locked, so as to switch back to the initial tar- 
get track by means of short-seeking once again. As a re- 
sult, the servo system gets stable sooner. 

[0010] In order to achieve the above-mentioned objectives, the 
present invention discloses a track locking method for an 



optical disk drive and an apparatus thereof, wherein an 
optical pick-up head can switch from an on-track interval 
of a current target track to an adjoining off track period 
only if the tracking servo control system memorizes the 
last-minute level of the tracking servo output signal of the 
on-track interval and keeps the tracking servo output sig- 
nal at the level, so as to generate a pulling force whereby 
the optical pick-up head is moved back to the on-track 
interval from the off-track interval. 
[0011] Once the optical pick-up head gets past the on-track in- 
terval of the target track or even goes through half an ad- 
joining off-track interval, the optical pick-up head tem- 
porarily switches to the next adjoining on-track interval to 
make the latter its intended target track, so as to switch 
back to the initial target track by means of short-seeking 

once again. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention will be described according to the appended 

drawings in which: 
[0013] FIG. 1 is a schematic assembly diagram of the movement 

elements of a conventional optical disk drive; 
[0014] FIG. 2 is a conventional waveform diagram of a track error 

signal and an RFZC signal; 



[0015] FIG. 3 is a functional block diagram of an optical disk 

drive in accordance with the present invention; 
[0016] FIG. 4 is a waveform diagram of a tracking servo output 

signal in accordance with the present invention; 
[0017] FIG. 5 is another waveform diagram of a tracking servo 

output signal in accordance with the present invention; 

and 

[0018] FIG. 6 is a waveform diagram of a tracking servo output 

signal in accordance with another embodiment of the 

present invention. 
PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

[0019] FIG. 3 is a functional block diagram of an optical disk 

drive in accordance with the present invention. An optical 
pick-up head 31 intended to read data stored on optical 
disks generates a track error signal that functions as the 
input signal of the servo control system. Signal synthesis 
and amplification are carried out to the track error signal 
by a pre-amplifier 32 before the track error signal is input 
to a track locking apparatus 36 of the optical disk drive. 
The track locking apparatus 36 comprises a controller 33, 
a signal-holding unit 35, and a switch 37. The controller 
33 generates the tracking servo output signal and sends it 
to the switch 37. The switch 37, which is under the con- 



trol of the controller 33, determines whether the tracking 
servo output signal should be sent to the signal-holding 
unit 35 or a driver 34. The driver 34 receives the tracking 
servo output signal from the controller 33 when the opti- 
cal pick-up head 31 is located at the on-track interval of a 
target track. The driver 34 receives a signal from the sig- 
nal-holding unit 35 after the optical pick-up head 31 has 
shifted to the off-track interval adjoining to the target 
track. Afterward, the driver 34 outputs a driving signal as 
a feedback to the optical pick-up head 31 for the sake of 
track locking, or, in other words, making the optical pick- 
up head 31 stop at the on-track interval of the target 
track. 

[0020] If the optical pick-up head 31 shifts from the on-track in- 
terval of the target track to the adjoining off-track inter- 
val, the signal-holding unit 35 memorizes the last-minute 
level V of the tracking servo output signal before de- 
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parture from the on-track interval and holds the tracking 
servo output signal to the memorized level V . Accord- 
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ing to the present invention, with a pulse width modula- 
tion (PWM) method, it is also feasible to generate an out- 
put signal at the level V and intermittently hold the 
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level V within a duty cycle. 
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[0021] In addition, botli tlie function of tlie switcli 37 and tliat of 
tlie signal-holding unit 35 can be integrated into the con- 
troller 33. That is, the controller 33 can independently de- 
termine when the servo control system as a closed loop 
generates the tracking servo output signal and when as an 
open loop to apply the memorized level V^^^^ to the 
driver 37. 

[0022] FIG. 4 is a waveform diagram of a tracking servo output 
signal in accordance with the present invention. Once the 
optical pick-up head 31 reaches the on-track interval (t^-t 
^ of the target track, the potential of the tracking servo 
output signal approaches a slice level that functions as a 
reference potential V^^^, whereas the optical pick-up head 
31 slows down and almost stops at the center of the on- 
track interval. However, sometimes the optical pick-up 
head 31 proceeds to move away from the center of the 
on-track interval, that is, the interval t -t of the trans- 
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verse axis, and it fails to halt instantaneously due to its 
mass inertia or any other reason and may even move to- 
ward an adjoining off-track interval. Meanwhile, the po- 
tential of the tracking servo output signal remains less 
than the reference potential V^^^ in order to generate a 
force to pull the optical pick-up head 31 back to the cen- 



ter of the on-track interval. 
[0023] Once the optical pick-up head 31 shifts from the on-track 
interval of the target track to an adjoining off-track inter- 
val, the servo control system of the optical disk drive 
memorizes the last-minute level V of the tracking 

HOLD ^ 

servo output signal in the on-track interval and holds the 
tracking servo output signal to the level V , so as to 
maintain the same force to pull the optical pick-up head 
31 back to the center of the on-track interval. 
[0024] vvith conventional technology, the track error signal is re- 
shaped to indirectly control the track locking motion of an 
optical pick-up head 31 right in an off-track interval, but 
a reshaped track error signal has to pass a servo control 
loop and thus its performance depends on the design of 
the controller 33. By contrast, the present invention in- 
volves directly reshaping and using the tracking servo 
output signal to speed up locking the target track. Hence, 
the present invention involves directly driving the optical 
pick-up head 31 to give an instantaneous pull, as op- 
posed to the indirect method of the conventional technol- 
ogy. 

[0025] As shown in FIG. 5, after the optical pick-up head 31 gets 
past the center of an on-track interval 51 of a target track 



or even goes through half an adjoining off-tracl< interval, 
the optical pick-up head 31 temporarily switches to the 
center of the next adjoining on-track interval 52 to make 
the latter its intended target track, so as to switch back to 
the initial target track by means of short-seeking once 
again. As a result, divergence and instability of the servo 
control system, which may otherwise occur, are avoided 
by means of an additional short-seeking motion and, in 
consequence, the target track is locked sooner, though in 
the beginning the benefits are seemingly achieved at the 
expense of the precision of the track-locking motions. 
[0026] FIG. 6 is a diagram of another embodiment about the 
waveforms of the tracking servo output signal in accor- 
dance with the present invention. In comparison with FIG. 
4 showing that the tracking servo output signal is cease- 
lessly kept to the level V therein, an output is inter- 
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mittently generated at the level V^^^^ using pulse width 
modulation method in FIG. 6, or, in other words, the track- 
ing servo output signal alternates between the memorized 
level V and the reference level V . In the design 
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stage, it is feasible to embed a pulse width modulation 
circuit in the signal-holding unit 35 shown in FIG. 3, so as 
to stabilize or smooth the output of the signal-holding 



unit 35, with a view to applying tlie present invention to 
various servo control systems of optical disk drives. 
[0027] The above-described embodiments of the present inven- 
tion are intended to be illustrative only. Numerous alter- 
native embodiments may be devised by persons skilled in 
the art without departing from the scope of the following 
claims. 



